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A general-purpose trigger processor system and its
application to fast vertex trigger

M. Hazumi

Graduate School of Science, Osaka University,
1-1 Machikaneyama, Toyonaka, Osaka, 560 Japan

E. Banas x, Z. Natkaniec *, W. Ostrowicz l

Institute of Nuclear Physics, ul.Radzikowskiego 152
31-342 Cracow, Poland

A general-purpose hardware trigger system has been developed.
The system comprises programmable trigger processors and pat-
tern generator/samplers. The hardware design of the system is de-
scribed. An application as a prototype of the very fast vertex trigger
in an asymmetric B-factory at KEK is also explained.

1 Introduction

Nowadays there exists a growing demand to use fast programmable trigger pro-
cessors for high-rate data taking in experiments at colliders as well as in fixed-
target experiments. There are two major techniques frequently used for this
purpose; a memory look-up unit (MLU) technique and a programmable logic
devices (PLD's). The MLU technique gives the maximum flexibility with very
small latency if the number of inputs is less than 20 bits or so. The limitation
comes from the size of Static Random Access Memorys (SRAM's) presently
available. Beyond this scale, MLU's must be used in a cascade manner with
some restrictions on the trigger logic. PLD's can provide more flexibility for
the larger number of trigger inputs, while it takes more time to modify a trig-
ger logic. In many cases, each experiment develops a special-purpose trigger
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processor. Though it is based on MLU's and/or PLD's, it consumes consider-
able time and resource if one needs to design and fabricate the trigger system
from the scratch.

We have developed a general-purpose hardware trigger processor which uti-
lizes both MLU's and PLD's. Since the inter-connection among MLU's, PLD's
and I/O pins are also programmable, this trigger processor can be fit to var-
ious types of trigger requirements. We have also developed a pattern gener-
ator/sampler (PGS) which is specially designed for the tests of the trigger
processor. By using many PGS modules synchronously, we can emulate the
large trigger hit pattern which can be generated with Monte Carlo simulation.
With the trigger processors and the PGS's, one can prepare a desired trigger
system rather easily. Also the system can be used as a prototype to check the
performance of trigger logic to be implemented.

In this article, first an overview of the system is given (Section2). Then the
designs of the trigger processor (Section3) and the PGS (Section4) are de-
scribed. In the end (Section5) we explain an application of the system to a
very fast tracking trigger using signals from a silicon-strip vertex detector.

2 System Overview

Fig. 1 is an overview of the system. The system is based on VME 6U standard
and consists of four parts; the trigger processing block, the pattern generation
block, the pattern sampling block, and the system master CPU block.

I
The trigger processing block is the heart of the system; in fact the pattern
generation and sampling blocks are only for testing and debugging, and one
can perform a real experiment with the trigger processing block and the system
master block only. The trigger processing block consists of configurable trigger
processors (CTP's) each of which has PLD's and MLU's. Fig.2 is a picture
of a trigger processor on a 6U-hight VME board. The logic implementation
to the PLD's and the MLU on the board is done from the system master
block through the VME bus. The size of trigger processing block is scalable
depending on the number of trigger processor. Each trigger processor can
accept 64bit input data, and 32bit trigger result can be put out. CTP's can i
also exchange data with each other (up to 40 bits) through VME J2/P2 bus.
Therefore we can realize cascaded trigger logic in various ways using multiple |
trigger processors. Details of the trigger processor board are described in the
next section.

I
The pattern generation and sampling blocks are available for testing and de-
bugging CTP's. The typical usage is as follows: first the trigger input data ;



(which can be generated by Monte Carlo simulation) are downloaded in the
pattern generation block from the system master. Then by switching the oper-
ation mode 128bit-wide vectors can be put out. The transmission speed of up
to 16MHz is possible. Both the pattern generation and sampling blocks belong
to the same VME 6U board which is called the Pattern Generator/Sampler
(PGS). We explain the design of the PGS in Section4.

3 Configurable Trigger Processor

Fig. 3 is the block diagram of the configurable trigger processor (CTP). The
logic block consists of two Field Programmable Gate Arrays (FPGA's)[l] and
one MLU[2]. The total number of gates available for trigger logic in these
FPGA's is approximately 20,000. The number of inputs and outputs of the
MLU is 20 and 8, respectively. Two FPGA's are connected to 32bit internal
data bus which is also connected to the 'Switch and Flow Control' part (called
the SFC hereafter). Since the SFC is also realized with a FPGA[3], it can also
hold some trigger logic.

The standard usage of this board is as follows: data coming from the front-
panel I/O-l connector[4] (64bits) enter directly two FPGA's through 64bit
bidirectional data bus. After the input data have being processed inside the
FPGA's, the results are put out to the MLU through the 32bit bidirectional
bus and theSFC. The output data from the MLU are again sent to the SFC
and are finally put out to another front-panel connector named I/O-2[4], or
to VME J2/P2 pins. Fig. 4(a) shows the data-path of this standard usage. In
addition to the standard usage, we may think of some other usages as listed
in Fig. 4(b)-(d): In case of Fig. 4(b) and (b')\ only FPGA's are used without
MLU. On the contrary, only MLU is used in Fig. 4(d). Fig. 4(c) shows the
same usage as Fig. 4(a) but data come from both I/O-l and J2/P2, what
may happen when we use multiple boards in cascade. Some more complicated
application are possible but that are omitted here. The total number of I/O
bits is 136.

In addition to the components described above, there are the VME interface
block and the clock control block on the board. The main task of the VME
interface is to configure FPGA's, the MLU and the SFC before starting trigger
processing. Also it controls monitoring of internal data during the trigger pro-
cessing. The VME interface is implemented in a single complex programmable
logic device (CPLD)[5].

The clock controller also comprises a single CPLD[5]. It can i-eceive both
internal and external clock signals. We can select either of them by software.
The clock controller distributes the primary and secondary clock signals to all



other parts.

4 Pattern Generator/Sampler

Trigger and data acquisition systems in many high energy physics experiments
should be fully tested before installing them inside a detector. Electronics
and logic algorithms are often complicated by on-line pattern recognition,
multiplicity estimations etc, so a test station should be as flexible as possible to
foresee all cases. The Pattern Generator/Sampler (PGS) module was intended
to work in such a test station. The PGS was particularly designed to test the
CTP's. Fig.5 shows a block diagram of the PGS. The basic features of the
PGS are as follows:

- Full test possibilities of the CTP with 128 digital output channels of the
PGS module.

- Input signals for the CTP are generated in several different formats.
- The 128 bit-wide vectors are prepared by software, stored in an internal

PGS memory and passed to the PGS output ports.
- The transmission speed through input/output ports is up to 16MHz.
- A continuous transmission of vectors arranged in a complicated way is avail-

able. This is done by setting jump and loop options during vector generation.
- The internal memory of the PGS is accessible (read/write) through the

VMEbus.
- Vectors are stored in a PGS memory. The memory is accessible (read/write)

though the VME bus.
- Generation of vectors can be synchronized with an external 16MHz TTL

clock.
- Several PGS modules can be synchronized and started at the same time so

that a large number of input data can be fed into a trigger system.
- A possibility to write data from input/output ports is available. The data

is written to the PGS memory. The sampling can be done with constant
frequency so that the PGS can work as a logic analyzer.

5 Application to Fast Tracking Trigger with Vertex Constraint

The original motivation to develop the trigger processor described here is the
very fast tracking trigger with a vertex constraint in the BELLE experiment
at the asymmetric B factory project at KEK, Japan. Details of the experiment
including the trigger and readout system can be found elsewhere[6]. One of
the biggest advantages of using the Silicon Vertex Detector (SVD) information
for triggering is that we can find tracks pointing to the interaction region very



precisely. Therefore the SVD trigger is useful to reduce the background event
rate coming from spent electron interactions. Since it is crucial for the BELLE
experiment to reduce the dead time from the readout, we need to make a very
fast SVD trigger signal so that it can be used in the Global Decision Logic
(GDL).[6] At the same time, the trigger logic should be reconfigurable. This
is very important since we may have to modify the trigger logic frequently at
the beginning of the data taking. Also we should be able to treat dead or bad
channels appropriately.

Fig. 6 shows the conceptual design of the BELLE SVD trigger. We define an
I input trigger bit as an OR of hit information from 32 sequential strips. The OR
' is made on the preamplifier chips[7] on each detector module. The trigger bit is
I updated every 500nsec (i.e. 2MHz frequency) with synchronization procedure
I between different data scanners [8] to guarantee the overlap among the trigger
j bits from the whole detector. From the data scanners, the trigger bits are sent
I to SVD trigger boards for which our CTP boards are used. Each trigger board
< can handle all the Z (or r<̂ ) trigger bits from one octant. Therefore in order to

process all the trigger inputs from the entire SVD, we need 16 CTPs. Though
; the number of trigger bits from each octant is large (around 200), the actual

number of input lines can be small since the trigger bits are multiplexed with
the 16MHz clock.

/
• In each SVD trigger board, the input trigger bits are first demultiplexed, and
! then used to find tracks coming from the interaction region. The outputs

are numbers of tracks coming from the interaction region with Z-information
i (called a 'Z-track' hereafter) and with r — <f> information (called a 'r — <f>
i track' hereafter). All the procedures explained above are implemented inside

programmable logic devices. Fig. 7 shows the concept of the Z-trigger logic. For
! each trigger bit in the outermost layer (dl, d2, d3 • • * in Fig. 7), we define a Z-
| track segment which is shown as a trapezoid made with d3 and the interaction
i region. The length of the interaction region is changeable. In the segment for
/ d3, we have the trigger bits c2, c3 from the 3rd layer, b2, b3, b4 from the 2nd
l layer, and a2, a3, a4 from the 1st layer. Then a 'good Z-track' is required to
j have hits from at least 3 layers. An example is d3x {(axb) + (bxc) + (cx a)},

where a = (o2 + aZ + a4), 6 = (62 + 63 + 64), and c = (c2 + c3). We can make
j a similar definition for &r — <j) track. Overlaps between the octants allow us to
; catch a track with Pt greater than 200MeV/c within a single octant. Therefore
• we can make the logic in each octant separately. The logic implementation is
I realized with a mixture of circuit diagrams and the VHDL as shown in Fig.8.
> The VHDL is used for a part which may be modified frequently based on the

actual beam length.

. After each trigger board processes the data from each octant the results are
;' sent to the SVD global trigger processor board which finally send out the
' SVD trigger outputs to GDL. We use a CTP also as the SVD global trigger



processor by using a different logic inside FPGA's. Therefore the entire trigger
system can be prepared using 17 CTPs.

The final outputs of the SVD trigger system would be as follows:

- Total number of Z-tracks (2bits)
- Total number of r — <j> tracks (2bits)
- Total number of Z&zr — <j> tracks (2bits)

Note that the above logic is only an example. In our scheme, the trigger logic
can be changed to tighter or looser ones depending on the actual occupancy
due to the electronic noise and beam backgrounds.

6 Summary

We have developed a general-purpose hardware trigger system including both
a memory look-up unit and programmable logic devices. It can be used for a
wide range of hardware trigger systems, especially for requirements with very
fast pattern recognition triggers. The system also includes special pattern
generators and samplers which are quite important for debugging before an
experiment starts. An application of the system to the very fast vertex trigger
in an asymmetric B-factory at KEK is also explained.
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Fig. 3. A block diagram of the trigger processor. Number of bits is attached to each
net. I/O 1 and 2 are front-panel connectors. J l /P l and J2/P2 are VME buses.
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10



SYSCLK

FPGA

v'MB
bus -

\ 1 6

CONTROL
BUS ,

local
address I

control | [generator!

ADDRESS
MODIFIER
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VHDL
AIN(1)=>A(1)OR A(2)0R A(3) ;
AIN(2)=>A(2)OR A(3) ;
AIN(3)=>A(3)OR A(4)ORA(4);
AIN(4)=>A(4)OR A ( 5 ) ;

Logical OR of
consecutive strips

Serial to parallel
converter

Coincidence Logic to
form tracks

Count number
of tracks

Fig. 8. The conceptial circuit diagram of SVD Z trigger logic inside FPGA.
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